Rice is one of the staple foods in the Benin Republic. Annual rice consumption is increasing faster than annual rice production. That is why Benin is not yet self-sufficient in rice production. To meet the local demand, huge quantities of rice are imported. For country planning, forecasting is the main tool for predicting rice variables. This paper describes an empirical study that used a time series modeling approach (Box-Jenkins' ARIMA model) to forecast rice production, rice consumption, rice importation, rice exportation and finally rice self-sufficiency in Benin. Based on ARIMA model, the rice self-sufficiency rate in Benin is forecasted to be 47%, 56%, 58%, 59% and 68% respectively in 2019, 2020, 2021, 2022 and 2023. The forecasts would be helpful for the policy makers to foresee ahead of time the future requirements of rice production, adopt appropriate measures to develop rice sector for effective rice self-sufficiency and to reduce rice importation.
Introduction
In most African countries, the agricultural sector occupies an essential place in the national economy. In Africa, every 1% increase in agricultural productivity reduces poverty by 0.6%, and a 1% increase in production reduces the number of people living with less than one dollar a day by 6 million (Thirtle et al. 2003) . Two out of five people in Africa still live in extreme poverty (Beegle et al. 2016 ) and increasing agricultural productivity is crucial for reducing poverty (Christiaensen et al. 2011) . Agriculture is the primary production activity of rural livelihoods in sub-Saharan Africa, and on average 92% of rural households is engaged in farming (Davis et al. 2017) . Rural Households also derive about two-thirds of their income from on-farm agriculture, compared with one-third (on average) in other developing countries (Christiaensen, 2017) .
*  Corresponding author email: akbiggest@gmail.com As a result, the economic "take-off" of Sub-Saharan African countries in general and of Benin, in particular, is closely linked to agriculture (Aho and Kossou, 1997) . The agricultural sector contributes 38% to Gross Domestic Product (GDP) in Benin (PNUD-IDH, 2011) . Crop production is the primary production activity in the agricultural sector and on average contributes 23% to GDP (FAO, 2012a) .
In the crop production sub-sector, cereal products hold the prominent place, and among cereals, corn, sorghum, and rice are the most important ones. Local rice production provides 1% contribution to GDP (MAEP, 2007) . In order to satisfy domestic consumption and re-exportation, Benin imports huge quantities of rice. West Africa is experiencing rapid growth in rice consumption due to population growth, urbanization and increasing purchasing power (Fofana et al. 2014) . At the same time, rice is the most critical nutritional source and a highly strategic food commodity for the West African region (Seck et al. 2013) . Rice is the staple food of more than 750 million people in sub-Saharan Africa (USDA, 2016) . Average annual Akouegnonhou and Demirbaş / Selcuk J Agr Food Sci, (2019) 33 (3), 204-214 rice consumption in sub-Saharan Africa (4%) is increasing faster than rice production (3.3%) (LARES, 2008) . Longtime considered as a luxury food consumed during feast days; rice became part of eating habits of the populations of Benin. In Benin, while rice consumption is increasing, only 7% of the rice production potential (land and water resources) is used (JACQUES, 2008) . In the country, rice ranks third regarding cereal production after maize and sorghum (ABEL, 2009) and is the second most crucial cereal regarding consumption after maize. Despite the progress realized in local rice production in sub-Saharan Africa after the food crisis of 2007-2008, rice demand has never been met; rice importation dependence is still around 50% and local rice production represents only 60% of domestic consumption , USDA, 2016 . The rapid increase in domestic rice production is a significant challenge for Sub-Saharan Africa (Secket al. 2012) .
Given these situations and given that Benin has enormous potential for rice cultivation of which less than 8% is currently exploited, it is imperative to think of increasing the local supply of rice in order to satisfy local demand, reducing rice importation and increasing rice exportation.
This study aims to forecast rice production, rice consumption, rice importation, rice exportation and finally rice self-sufficiency over the next five years in Benin.
Material and method

2.1.Methods of data collection
The data used in this study were obtained from the official websites of the Ministry of Agriculture of Benin (MAEP) and Food and Agricultural Organization (FAO). For the time series data, we considered different periods: area, paddy rice and rice importation cover the period 1961-2016; rice exportation covers the period 1961-2015; milled rice and rice consumption cover the period 1961-2013. We took different periods for the time series because rice data of Benin are not available in the same period.
In this study, the self-sufficiency level is calculated by using the following formula. Selfsufficiency level= (Usable production/Domestic use) x 100 (FAO, 2012b; Van Oort et al. 2015; Demirbaş et al. 2017 ).
2.2.Methods used in data analysis
Different models are used in data estimation. In agriculture domain, ARIMA model was used in many studies to forecast milled rice production (Suleman and Sarpong, 2012) , to forecast rice area, production and productivity (Rahmanet al. 2016; Hemavathi and Prabakaran, 2018) , to forecast the price of medium quality rice to anticipate price fluctuations (Ohyver and Pudjihastuti, 2018) , to forecast maize production (Sharma et al., 2018) . In this study, ARIMA model is also used for data estimation.
ARIMA model
Future estimation of a variable can be made only by using the variable itself without anyother variables. These estimates are not based on a theoretical model. The movement of the variable in the past can be used to predict future movement. A linear time series models introduced by Box and Jenkins (1970) , are now widely used and accepted. According to them, the ARIMA model is denoted by ARIMA (p, d, q) where 'p' is the order of the autoregressive process (AR); 'd' is the order of homogeneity i.e. the number of difference to make the series stationary; and 'q' the order of the moving average process (MA) (Box and Jenkins, 1970; Awajan et al., 2017) . The general form of the ARIMA (p, d, q) is (Kennedy, 2006:351) .
Here, Yt gives the time series, εt error term, β model estimator, ς time series average. Before doing an analysis of time series, we plot the data by using standard plots and summary statistics to see the behavior of the data. The sample ACF and the PACF pattern were done to see whether given data is stationary in its level and variability. Apart from rice exportation and rice consumption variables, the other variables are nonstationary in level since they have not fluctuated around constant mean and variance. Then we took the first difference of the data values and we selected the stationary levels of the data (Table1). The selection criterion is the probability (5%). To determine the orders (p, q) we referred to ACF and the PACF pattern. We estimated the parameters and fixed the fitted ARIMA model. Therefore, the fitted ARIMA model is the one that has more significant coefficients, less volatile, a higher R-squared, a lower Akaike Criterion (AIC) and a Theil'sinequality coefficient less than 1 (Table2). The final step of the validity of the fitted model was based on the distribution of residuals and of residuals square to find out whether the residuals are a white noise or not and find out whether all the information contained in the series have been exploited or not.
Test of forecast accuracy of the Box Jenkins method.
Theil's U statistic measures the forecast accuracy (Theil, 1958) . In this study, Theil's inequality coefficient is used to measure the predictive accuracy of models. Theil Inequality Coefficient Akouegnonhou and Demirbaş / Selcuk J Agr Food Sci, (2019) 33 (3), 204-214
∆Y i = actual change of variable ∆Ŷi = predicted change of variable n = Number of observations The coefficient U is bounded between 0 and 1 (0 ≤ U ≤ 1). Theil'sinequality coefficient shows the predictive accuracy of the model. This coefficient should be less than 1 (Vergil and Ozkan, 2007; Okur, 2009, Özer and İlkdoğan, 2013) . The prediction of the model will not be accurate if the calculated value is greater than 1. In that case, the model is not the most appropriate one. In This study, Theil'sinequality coefficient is used to select the most appropriate model for the estimation (Table2).
Results and Discussion
Unit root test
Augmented Dickey-Fuller test was carried out for the stability test. After the stationary studies of the series, only consumption and exportation series are stationary in level. Import, white rice production, paddy production and area series are stationary in first difference (Table 1) .
Table1
The results of ADF unit root test.
Variables
Test The Theil's inequality coefficients for all the models are less than 1. So, the selected models are good for the prediction. Akouegnonhou and Demirbaş / Selcuk J Agr Food Sci, (2019) 33 (3), 204-214
3.2.Estimates of rice consumption
Figure1
Rice consumption ACF and PACF for stationary series. The rice consumption series is an I(0). By observing the Figure1, the model to be estimated is AR (1) and its values are shown in the table3.
Table3
The values of AR (1) The residuals correlogram shows that there is unused information in the model like MA (3) and AR (2). That's why we need to estimate the adjusted model and choose the most appropriate model.
Table4
The values of R(2), AR(1) and MA(3) models AR (2) AR (1) The most appropriate model is the one that has more significant coefficients, less volatile, a higher R-squared, and a lower Akaike Criterion (AIC). This model is the model AR (2). To validate this model, we analyzed the correlogram of residuals and residuals squared.
When one still observes the correlogram of the residuals squared, one notices that there is serial autocorrelation. It must be corrected by integrating an AR (7) or MA (7). After estimation, it is the MA (7) that corrects it (Table4).
The correlogram of the residuals on this adjusted model shows that all the information is integrated into the model and the correlogram of the residuals squared shows that there is no more serial correlation. 
3.3.Estimates of rice exportation
Figure3
Rice exportation ACF and PACF for stationary series. The Rice exportation series is an I(0). By observing the Figure3, the model to be estimated is the ARMA model (1,1) and the its values are shown in the table5
Table5
The values of AR(1) and MA (1) Figure4) .
3.4.Estimates of rice importation
Figure5
Rice importation ACF and PACF for stationary series. The series of import is an I(1). By observing the Figure5, the model to be estimate is ARIMA (1,1,1) and the its values are shown in the table7.
Table7
The values of AR(1) and MA (1) Imported rice will decrease from 569000000 tons in 2019 to 595000000 tons in 2023 (Table8, Figure6) . These quantities of imported rice meet both domestic demand and re-exportations to neighboring countries.
3.5.Estimates of milled rice
Figure7
Milled rice ACF and PACF for stationary series The series of consumption is an I(1). By observing the Figure7 the model to be estimated is ARIMA (3,1,3) Figure8) .
3.6.Estimates of paddy rice production
Figure9
Paddy rice ACF and PACF for stationary series. The series of paddy rice is an I(1). The analysis of the ACF and PACF functions allows us to retain the following competing models (3,1,5); ARIMA (5, 1, 3); ARIMA (3,1,3); ARIMA (5,1,5) The most appropriate model is one that has more significant coefficients, less volatility, a higher Rsquared, and a lower Akaike Criterion (AIC). ).
Based on the Table11, the model ARIMA (5,1,3) . was selected as the most appropriateon. 
3.7.Estimates of area of rice production
Figure11
Area ACF and PACF for stationary series The series of area is an I(1). The analysis of the ACF and PACF functions allows us to retain the following competing models: ARIMA (1,1,12); ARIMA (12, 1, 1); ARIMA (12,1,12) ; ARIMA (1,1,1).
Table13
The values of ARIMA (1,1,12); ARIMA (12, 1, 1); ARIMA (12,1,12) ; ARIMA (1,1,1) ARIMA Based on Table15, one observes that the rate of self-sufficiency will increase and will reach its peak (68%) in 2023. It can be concluded that Benin will continue importing large quantities of rice to meet domestic demand and fill the gap of about 32% of the self-sufficiency rate remaining during the next five years.
According to estimates of theMinistry of Agriculture of Benin, Benin was expected to reach its self-sufficiency level in rice production since 2013 through domestic production (MAEP, 2010). However, this goal could not be achieved due to inadequate agricultural policies. Right now, the self-sufficiency level in rice production is around 60% and this, because of insufficient domestic production.
Conclusion and Suggestions
This study aims to give an overall idea of the rice sector in Benin and to forecast the variables of rice over the next five years by using the model. As a result, the self-sufficiency level will not be reached during the next five years. It will be about 68%. The fact is that annual rice consumption is increasing faster than annual rice production in Benin and in sub-Saharan Africa. Between 2010 and 2035, rice demand in sub-Saharan Africa is expected to increase by 130% (Secket al. 2012) . Rice importations are likely to lose foreign exchange reserves and increase poverty and food insecurity. The rapid increase in local rice production is a significant challenge for sub-Saharan Africa (Catherine and Chapoto, 2017) . To meet local consumption growth, rice production policies need to be redirected and revised. Because importation dependence can seriously affect food security and political stability, as demonstrated during the 2007-2008 food crisis (Berazneva and Lee, 2013) . Sustainable food security cannot be based on importations, and it should be found on the development of domestic production for adequate protection against fluctuations in world prices (Larochea and Postolle, 2013) .
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